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Improvements in or relating to Well-Flow Control Devices 



We, Sun Oil Company a Corporation 
organiased under the laws of the State of 
New Jeisey, United States of America, of 
1608 Wahiut Street, Philadelphia 3, Penn- 
syhania. United States of America, do here- 
bf declare the invendon, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — 

This invention relates to a well-flow con- 
trol device useful in the production of hydro- 
carbons from wdls, and more particularly 
to a tool for enablin| the production of wdl 
fluids from a pluraUty of formations pene- 
trated by a well, or in other words, a mul- 
tiple completion tool. 

In well drilling practice, a single well may 
penetrate a plurality of formations which 
contain oil or gas. It is often desirable, in 
such cases, to complete the weD for simul- 
taneous production from more dian one of 
the formations penetrated. The conventional 
procedure for doing this is to effect a dual 
completion, with the flow from a lower for- 
mation or zone taking place through the well 
tubing, and die flow from a higher forma- 
tion or zone taking place through tiie annulus 
between the tubing and casing. ChokK are 
provided at the surface (well head) for 
separately regulating die rates of flow of the 
the two streams, to conform to the allowable 
production rates for each zone. 

The foregoii^ method of dually com- 
pleting a wen is unsatisfactory, for several 
reasons. Production throu^ the annulus is 
hazardous, due to the fact that the fluid 
stream tends to cause corrosion and erosion 
of the csLWgi thereby allowing the possibility 
of a blow-out, or subterranean loss of I^dro- 
caibons to an upper fonnation. Also, when 
h becomes necessary to utilize gas lift to 
effect flow from fonnationsi Sie gas lift 

[Frice 4t. 6tf.] 



can be applied for only one zone at a time, 
and that only in an efficient manner; con- 
sequentiy, both production strata cannot be 
depleted simultaneously. In many cases, this 
results in large quantities of otherwise re- 
coverable, oil being left in the reservoirs. A 
further unsatisfaaory condition arises when 
the annulus zone (the higher zone) begins to 
produce salt water. Due to inefficient flow 
in the annulus, salt water accumulates there- 
in, and thus loads up the well and stops the 
oil flow. Production from that zone then is 
generally abandoned. Later attempts to pro- 
duce from such zone, after the other zone 
has become depleted, often fail to restore the 
production. Still another drawback in con- 
ventional dual completions is that paraffin 
often tends to accumulate In the annulus; 
such accumulations arc diflScult to remove. 

According to the present invention there 
is provided a well-flow control device adap- 
ted to be positioned in well tubing for con- 
trolling the flow of a fluid into die tubing 
from a producing formation, comprising an 
outer housing having an opening for com- 
municaticm with the interior of said tubing; 
means carried by the housing for retrievably 
locking the same at a predetermined location 
in the tubing, packing means for closing the 
annular space betv/een the housing and tub- 
ing above said opening, said housing having 
an intemal flow channel extending upwardly 
from its opening; an inner housing having 
an internal fluid flow passage for communica- 
tion with said flow channel and with the in- 
terior of said tubing above said packing 
means; means carried by the inner housing 
for retrievably fastening the same in position 
in said outer housing but allowing the witfi- 
draw^of the inner housing without the de- 
vice from the well. The opening may either 
be across die lower end of the outer bousing 
or be a side part. 
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According to another aspect of the present 
invention provides a flow control device com- 
prising a main flow control device and an 
auxiliary flow control device which can be 
5 removed from the main flow control device 
without removing the latter from the well, 
for a well flow conductor having a longitudi- 
nal flow passage and a first lattial 
port comnmnicating with the flow 
10 passage intense^&oe the cnds^ thereof, 
the main flow contiDl depioe mduding: 
an elongate mandrel poshioned in die wdl 
flow conductor and provided with an internal 
flow passive for communicatmg at its upper 
15 end with the flow passage in the well flow 
condnaor and with a second lateral port 
mtennediate the ends of the mandrel for 
oommunicathig with die csterior of the man- 
drel and said isteraal flow pas^ge and with 
20 said first lateral port; seal means canied by 
the mandid far sealing between the well flow 
conductor and the mandrel below said latOTl 
ports, said mandrel having an aperture for 
communicatmg with the flow passage of the 
well flow conduacr below the seal means; 
* means carried by the mandrel pennittmg 
flow in one dirccdon only into the internd 
flow passage of the mandrel through said 
second lateral port and said aperture; the 
33 auxiliary flew control device being rdeasably 
scoirable to the upper end of the mandrel 
and having means estending into said inter- 
nal flow passage providing with said internal 
flow passage, when the auxiliary flow control 
35 device is secured to the main flow conttol 
device, a first flow passage communicating 
with said second lateral port of the mandrel 
and opening upwardly mto the well flow 
conductor above said first lateral port and 
40 provijing a second flow passage communica- 
ting widi said aperture and opening upwardly 
into die well flow conductor. _ 
An object of this hivemiaa is to provide 
new and improved means for con^cting a 
45 wdl for simultaneous pioduction from two 
of more zones (a weU known as a "multiple 
completion"), while avoidtog the disadvan- 
tages of cooventional dual com^jleticms, such 
as those described above, Tlie construction 
50 of the device or tool of the present invention, 
while avm(ting the disadvantages of conv^- 
rional dual oompledons, provides additional 
advantages. Among the latter may be men- 
tioned tiic elimination of any possibility ot 
r5 clogging of the diokes by foreign matter, the 
eliininatioa of any possibility of erosion of 
tool parts by higb-vdodty flow tiirou^ die 
chokes, and the unproved corrosion resis- 
tance of the check valves used in the tool. 

Operation of a well accoidmg to the in- 
vention involves Ae use of a two-part or 
two-piece flow control device, hcrcmaftcr 
described, v/hich is positioned in tiie weU 
tubing ec^acent one oT the producmg forma- 
liens Fluids from tii§ fonnations pas3 as 



separate streams through the flow control de- 
vice and iheroiftcr conunmgle in the tubing, 
and flow from the tubing at the well head as 
ct smgle stream. The flow control device 
contains choke means which, in addition to 70 
its normd production-limiting function, 
causes a fluid stream from a zone of high 
pressure to undergo a sharp pressure drop 
prior to commini^g with another stream. 
The resulting pressure reduction causes or 75 
facilitates the flow of fluids from one or more 
of the zcncs of relatively low pressure. 

The two-piece flow control device com- 
prices: (1) an outer housing, which is re- 
trievably locked at a predetermined location 80 
in die tubing (by means of a landing nipi^e 
provided in the tubing); and (2) an inner 
housing which is rcirievably fastened in the 
outer housing. The outerhousing has two 
separate internal flow channels which arc 8:> 
adapted to communicate, re^ectively, with 
the two producing zones or formations, and 
this housing mounts a check valve in each 
diannel. The inner housing provides two 
separate internal fluid flow passages wmch 90 
cotmnunicate, respectively, with the flow 
diannels of the outer housing, and mounted 
in the upper end of this inner housing are 
two chokes one for each fluid flow passage. 
Fcr controlling die flow of fluid from a smgle 95 
formation or zon^ the inner housing would 
be provided with only one fluid flow passage, 
and one dioke. 

A detailed description of the mvenuon 
follows, taken in conjunction with the accom- 100 
panying drawings, wherein: 

Fig. I is a schematic representation of the 
device or tool of the invention in position in 

a well; ^ 

Figs. 2A, 2B, 2C and 2D togcdier con- 105 
stitute Fig. 2, which is a detailed view, partiy 
in section, of the tool of the invention m its 
operative poshion, but dissociated from a 

well; , . , • . • «tA 

Fig, 3 (in two parts) is a partial view simi- lio 
lar to Fig. 2, but showhig the inner housing 
in its unlocked or pulling position; and 

Fig^. 4A, 4B, 4C, and 4D togcdier con- 
stitute Fig. 4, which is a view sinular to Fig 
2 but illustrating another embodiment or the 115 
invention. , . , - 

Rcfcrrmg first to Fig. 1, whidi is a some- 
what schematic r^resentation illustrating the 
invention, a well has a casing 10 whidi has 
been cemented m place in the usual manner. 120 
The wen traverses two producdbn zones 
(producmg formations), illustrated as mi up- 
per Zone A and a lower Zone B, whidi may 
be either gas or oil formaticins. The casmg 
has been perforated for production from boui 125 
zones, as illustrated by perforations 11 ad- 
jacent Zone A and perforations 12 12 ad- 
jacent Zone B* A ttdring string 13 is posi- 
tioned m die casfaig, and the annulus tiiere- 
beiwe^ is dosed oft near the boupfld pf the 12Q 



1,008,333 



3 



tuhujg by means of packer 14, which latter 
prevents communication between the two 
zones by way of the casing-tubing annulus. 
The tubing carries a landing xiipple assembly 

5 15 (to be described in detail herdnafter) in 
which the outer assembly 16 of the flow con- 
trol device is retrievably locked, in a manner 
to be desaibed hereinafter. The landing 
nipple assembly 15 is positioned adjacent 

10 Zone A> and contains ports 17 (located above 
» pad^r 14, and communicating with the 

casing-tubing annulus) for receiving fluid 
from this zone. 
It should be apparent that another packer 

15 (not shown), similar to padier 14, would be 
provided above ports 17, to seal the casing- 
tubing annulus above these ports and to pre- 
vent the flow of fluid from Zone A to the 
surface by way of this annulus. Suitable 

20 packers for these casing-tubing annulus seals 
or dosures are described in detail in United 
States Patent No. 3,022, 828, dated February 
27, 1962. 

The outer assembly or housing 16, which 

25 may be located and locked in nipple assembly 
15 by means of wire line equipment forms 
an annulus 18 with the landing nipple 
assembly 15. This outer housmg contams 
upper aide ports 19 for passage of fluid from 

30 Zone A, and lower side ports 20 for passage 
of fluid from Zone B. Ports 17 and 19 com- 
municate with annulus 18, and ports 20 com- 
municate with the interior of die tubing 13. 
Upper packing means 21, positioned in an- 

j5 nulus 18 above ports 19, and lower paddng 
means 22, positioned in annulus 18 between 
ports 19 and 20> prevent fluid flow along 
die annulus 18 and force the fluid from die 
upper Zone A to flow througji ports 19 into 

40 housing 16; packing means 22 also forces 
die fluid from the lower Zone B to flow 
dirough ports 20 into housing 16. 

The i^per side ports 19 define one end of 
a first internal flow cbannd whidi extends 

45 upwardly Qn outer housing 16) from such 
side ports. A resilient sleeve-type check valve 
23 (illustrated schematically in Fig. 1, but to 
be described more completely in connection 
with Fig. 2) is posidon^ in this flow chan- 

50 nd, to prevent backflow of fluid toward the 
upper Zone A. The lower side ports 20 de- 
fine one end of a second internal flow chan- 
nd whidi extends inwardly (in housbg 16) 
from such side ports. A resilient sleeve-type 

55 died^ valve 24 is positioned in this second 
flow channd, to prevent baddflow of fluid 
toward the lower Zone B. 

The lower end of outer housing 16 has 
therein an equalizing valve member 25 which 

60 is normally in a position such as to seal the 
1 lower end of this housing. The lower end of 

tubing 13, bdow packer 14, is open or is 
ported, as indicated by dotted lines 27 in Fig. 
1, so diat fluid from Zone B can flow through 

65 casing perforations 12 and into the interior of 



tubing 13, as indicated by the arrows 26, and 
thence can flow upwardly in the tubing and 
through housing ports 20 and past check 
valve 24 into the interior of housing 16. The 
series of arrows 26 thus indicates the lower 70 
zone flow path. 

A so-called "blast joint** 28, providing a 
spedal abrasion-resistant surface, couples the 
lower end of nipple assembly 15 to the ad- 
jacent section of tubing 13, m a region hori- 75 
zontally aligned with casing perforations 11. 
A flow coupling 29 couples the i^per end of 
nipple assembly 15 to the adjacent section of 
tubing 13. Thus, it may be seen that the 
landing lupple assembly 15 in effect serves go 
as a spedal secdon of tubmg inserted in the 
tubing string. Fhud from Zone A flows 
dirough casing perforations 11 and into the 
casing-tubing annulus, as indicated hy die 
arrows 30, and thence upwardly in this an* 85 
nulus and dirough tubing ports 17 and hous- 
ing ports 19 and past check valve 23 into 
die interior of housing 16. The series of 
arrows 30 thus indicates die upper zone flow 
path. 9Q 

Summarizing the description thus far, with 
the outer housmg 16 run and locked in place 
in nipple assembly 15, production from each 
zone can sepnratdy enter die bousing, but 
communicadon between zones is prevented 95 
by the resilient check valves 23 and 24. 

An inner housing 31, which may be termed 
an orifice head assembly, is retnevably lis- 
tened in position in the outer housing 16, in 
a manner to be fully described hereinafter. 100 
The mner housing is run separately from 
outer housing 16, by means of wire line 
equipment, and seats in the running neck of 
the outer housiag; diis will become dearer as 
the description proceeds. The mner housing 105 
31 forms an annulus 32 widi the outer hous- 
ing or assembly 16, Upper paddng means 
33, carried by housing 31, schematically seals 
annulus 32 above housing ports 19, while 
lower packing means 34, also carried by no 
housing 31, seals annulus 32 below ports 19. 
The inner housing or orifice head assembly 
31 has two sepaxate internal fluid flow pas- 
sages, each of whidi terminates in a respec- 
tive choke bean mounted at iht upper end 115 
of this assembly. 

More specifically, cne fluid flow passage 
(denoted generally by numeral 35) opens 
into or communicates widi the interior of 
outer houang 16 bdow the lower packing 120 
means 34, as indicated by dotted lines 36. 
Passage 35 extends upwardly through hous- 
ing 31 and terminates m a choke means 
(carbide-faced dioke bean) 37 at the upper 
end of housing 31. Passage 35 thus forms a 125 
continuation of the lower Zone B flow padi 
26, and the production rate from the lower 
Zone B is controlled by dioke 37. 

The other of the two fluid flow passages 
(in inner housing 31) previously refctied to 13l> 
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communicates vnih the annulus 32, as 
schematically illustrated at 38, extends up- 
wardly through housing 31 (separately from 
passage 35), and terminates in a choke means 
5 (carbide-faced choke bean) 39 at the upper 
end of housing 31. Chokes 37 and 39 are 
parallel to each other, and Aey are both 
located at and mounted in the top of housmg 
31. It may be seen that fluid from the upper 
10 Zone A flows past che<i 'valve 23 into the 
annulus 32. The last-mentioned flow passage 
forms a continuation of the upper Zone A 
flow path 30, and the production rate from 
the upper Zone A is oaitrolled by choke 39. 
15 It may be seen, from the foregoing, tiiat 
separation of the production from the two 
Zones A and B is maintained prior to tfie 
chokes 37 and 39, so that the initial pomt 
of commin^g of the two streams is just 
20 downstream from the choke beans 37 and 39, 
i.e. just above these two beans. Above or 
downstream from the choke beans, the two 
fluid streams commingle, and commingled 
flow to the surface tal-es place upwardly 
25 throu^ the tubing siring 13. . 

The pressure at the point of commingling 
(just downstream from the choke beans 37 
and 39), which is a function of gas-hquid 
ratio, production rate, and tubing size, need 
30 be only that required to lift the combined 
(commingled) fluids to die surface. That is 
to say, energy is released at this point of 
commin^g. It is therefore possible, in 
many wells, for tlie weaker (pressure-v/ise) 
35 zone to enter the tubing, even tiiough its 
reservdr pressure may be considerably lower 
than die other. 

In order to determirie how much each zone 
contributes to the combined or comnung^ed 
40 flow stream, a separate test of one zone can 
first be made, hy blanking off production 
from the other with a plugged diokc bean. 
This determines the production rate from 
said one zone. A test may then be made with 
45 both zones (sands) producmg» the increase m 
production being credited to the zone not 
tested separately. In order to change chokes 
to such tests, or to change production 
chokes should tiiis become necessary, aQ that 
50 is reqmrcd, widi the tool of this mvention, is 
to pull die inner housing (orifice head 
assembly) 31, by means of w«e line equip- 
ment, while leavmg the outer housing 16 m 
place. This is a very simple wire-line opera- 
55 tion, a routine operation in the hands of an 
experienced wire-line operator, and thus one 
which requires a minimum amount of time. 
When the inner housmg 31 is pulled in tins 
manner, the outer housing 16 remains in the 
60 well, separation between the zones then being 
maintained by means of check valves 23 and 
24, and padois 21, 22, and 14. 

It is pomted out that both of the chokes 
37 and 39 are in tiie same single assembly 
G5 (to wit, housing 31). It is often desirable to 



diange the chokes controlling each of the two 
zones, and to do so at the same time. Utiliz- 
ing the construction of this invention, this 
can be accomplished in one operation, by 
pulling the housing 31 from the well. 70 

It is also pointed out that when the outer 
housing 16 is left in the well in this manner, 
while pulling die inner housing 31, nothing 
that contacts the tubing is moved or dis- 
turbed, which means that there can be no 75 
possible damage to the tubing. This feature 
is quite important, particularly when plastic- 
coated tubmg is employed in the well. 

When the two chokes arc mounted parallel 
to each other and at the top of the tool, as 80 
describci the flow from tiie chokes is ver- 
tically upward and is unobstruaed, and there 
are no metal surfaces exposed to the flow 
from the diokes (and therefore, there arc no 
such surfaces subject to rapid erosion, with 83 
consequent failure of the tool). 

Fig. 2 is a detailed view, partiy in section, 
of the tool of the present invention, both the 
outer and inner housings being illustrated in 
their operative positions, but the casing and 90 
well being omitted for simplicity. The con- 
formity of Figs. 1 and 2 will become ap- 
parent as the description proceeds. 

The elongated outer housing 16 carries at 
its top a running neck 40 in which the inner 95 
housing or orifice head assenibly 31 scats. 
This running neck is mt^ral with or fixedly 
secured to Ae outer housing 16, tiiis housing 
also having a pulling neck 41 which is slid- 
able thereon. Latching or locking means, com- 100 
prising a plurality of spaced dogs 42 which 
are pivotally attadied to pulling neck 41, are 
provided for securing the outer housing 16 
m place in the upper or landing nipple por- 
tion 15a of a three-part landing nipple 105 
assembly 15, which latter may be, for ex- 
ample, an "Otis Type S Side-Door Choke 
Landing Nipple Assembly*'. The landing 
nipple asseiobly 15 comprises the landing 
nipple portion 15a, previously referred to, 110 
a poned collar 15b threadedly secured at its 
upper end to the lower end of portion 15a, 
and a polish nipple 15c threadedly secured 
Qt its upper end to the lower end of collar 
15b. The portion 15c is provided with 115 
du^ads at its lower end, for coupling to lower 
tubing sections (not shown) of conventional 
construction, while portion 15a is threadedly 
connected at its upper end to a conventional 
tubing collar 43, and by means of this latter 120 
collar to upper tubing sections (not shown) 
of conventional construction. The landing 
nipple assembly 15 is located in the tubing 
string as to be adjacent to Zone A (see Rg. 
1). ^ 

The dogs 42 arc pivotally suspended from 
pulling n«i 41, by means of an inwardly- 
extending cylin^^ boss at the lower end 
of ntxk 41 which fits fatn a matchfag recess 
provided at tiw upper end of cadi of ^ dogp 130 
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42. The inaer surfaces of these dogs are posi- 
tioned against a beveled or tapered portion 
of the body of housing 16> as indicated at 
44, this tapered portion increasing in 
5 diameicr toward its lower end. The dogs 42 
move vertically with neck 41^ so that the in- 
ncj surfaces of the dogs are slidable on the 
t&pered surface 44; therefore, downward 
movement cf the dogs relative to the tapered 
10 surface 44 causes the dogs to move out- 
wardly. D03S 42 are adapted to enter a 
cyhndrical recess 45 of Ihnitcd length pro- 
pded in the landing nipple 15a. The latch- 
ing or locking means hez^ described is quite 
15 similar to that disclosed in Miller U.S. Patent 
No. 2,673,614, dated March 30, 1954. 

Below dogs 42, die outer housing 16 carries 
a set of spring-loaded keys 46 whidi are 
mounted around the housing. These keys re- 
20 semble an ordinary door key and are "pro- 
filed" to match with an idendcaUy-shaped 
locating recess 47 machined within the bore 
of the landing lupple portion 15a, 
Before proceeding to a description of the 
25 flow controUuig ponions of the tool, the 
operation of the landing and locking means 
for the outer assembly or housing, whidi 
means has just been described) will first be 
explained. This landing and locking means 
30 comprises means for retrievably todang the 
outer housing at a predetermined location in 
the tubing. When the outer housing 16 is 
ready to be inserted into the weU, the same 
is lowered into well tubing 13 (see Fig. 1) on 
35 a wire line;, by means of a suitable running 
tcci which attaches to nmning neck 40. Hiis 
running tool tnay be of a type known in the 
art The running tool (not ^own) grips the 
housing 16 in such a way that runnmg neck 
40 40 and pulling neck 41 arc held together. In 
other words, die upper part of tte pulling 
neck 41 is held higjier than diown on the 
running neck 40 by the running tool, as the 
housing is lowered. This means that the dogs 
45 42 will ride higher on the tapered portion 44 
than shown in Fig. 2« 

The housmg with keys 46 will pass down- 
wardly until it reaches landing nipple por- 
tion 15a, whidi has a recess 47 such as to 
50 match keys 46. When the outer housing 16 
reaches this landing nipple portion, the 
spring-loaded keys 46 "selea" the matching 
recess 47, and move outwardly into this 
identically-shaped recess. This prevents fur- 
55 ther lowCTig of the outer housing. The wire 
line h then manipulated in sudi a way that 
the "jars", which are run just above the run- 
ning tool, impart a downward hammer ac- 
tion to the housing. This zbesas a pin widiin 
60 the running tool and frees the pulling neck 
41 for movement downwardly, allowing the 
dogs 42 to fall fredy and move down the 
tapered portion 44, into the locking position 
shewn in Fig. 2. Upward jaring dien drives 
65 die tapered portion 44 upwardly, sUdmg tins 



pordon upwardly agamst die dogs 42 and 
forcing them into locking position in recess 
45, as shown in Fig. 2. This lodes the outer 
housmg 16 fast in landing nipple portion 15a. 
Addidonal parring i^ward^ then releases 70 
the running tool, which is widsdrawn from 
the well on the whne line. 

The^ cuter housing 16 ordinarily remains 
in posidon in the well at all rimtnt^ and does 
not ordmarily need to be removed diercfrom. 75 
However, when removal thereof is necessary 
(for example, in order to repair or replace 
the check valves), the outer housmg may be 
pulled from the well by means of a puliing 
tool known in the on. 80 

The landing, or locating, and locking 
inechanism just described is endrely conven- 
donal, so furdicr descripdon thereof does not 
appear to be necessary. For further details 
of such mechanism, reference may be had to 85 
the Miller patent, previously mendoned. 

The running neck 40 is hollow, as is the 
outer housing 16, so that a continuous bore 
extends from end to end (longitudinaUy) of 
this outer housmg. This bore is open at its 90 
upper or running neck end, but is dosed at 
its lower end by means of a plug or equaliz- 
ing ^Ive member 25 which carries a sealing 
O — ring 48 in a groove in its outer surface; 
O — ^ring 48 makes sealing contact with the 95 
inner cylindrical wall of housing 16. Member 
25 is ordinarily maintained in posidon at the 
lower end of housing 16, by means of a shear 
pin 49 which extends through the wall of 
housing 16 into member 25. The normal 100 
posidon of member 25 (as maintained by 
shear pin 49) is such that O— -ring 48 is 
located above a plurality of radxally*eztend** 
ing ports 50 which extend through the side 
wall of housing 16. When It is desired to inc 
withdraw outer housing 16 from the well, 
a "jar" and pulling tool are lowered into the 
tubing by means of a wire line, and manipu- 
lated to drive member 25 downwardly so as 
to shear die p«n 49. When pm 49 is so no 
sheared, member 25 moves downwardly 
within die housing 16 a dismnce such that 
0-ring 48 moves below ports 50, thereby 
opening communicadon (by way of ports 50) 
between the lower end of housing 16 and the 115 
surroundmg fluid. This causes an equallzadon 
of pressures between the Interior and esterior 
cf housing 16, so that housing 16 can readily 
move upwardly in the well, once this housing 
is unlocked from the landing nipple pordon. 120 

In a region of outer housing 16 above 
member 25, a plurality of narrow dongated 
slots 20 (dongated in the drcumferential 
direcdon of the housing) are cut through the 
outer wall of this housing. These slots arc 125 
made narrow (in the verdcal direcdon) to 
serves as screened side ports in the wall of 
the cuter housing; the width (vertical) dimen- 
sicn cf diese slots will be further referred to 
heremafter. X30 
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Fluid from the lower Zone B (Fig. 1), 
which eaters the casing by way of perfora- 
tions 12 and which flows upwardly througji 
tubing 13 from the lower cpen end thereof or 
5 from ports profvided in the tubuig^ can flow 
ai-cund Uie outside cf outer housing 16 (at 
the lower end of this housing) and can flow 
into the interior of dus housing by way of 
the housing side ports 20. A separate internal 
10 flow diannel extends upwardly from the side 
ports 20* This flow channd indodes an an- 
nular channel 51 in outer housing 16 and a 
plurality of inclined bores 52, whidi latter 
communicate at tiieir lower ends with the 
15 upper end of chamid 51 and at tlieir upper 
ends with the interior of housing 16. 

A resilient sleeve-type che<^ valve mem- 
ber 24 is positioned in annular channd 51> 
to prevent back-flow of fluid through side 
20 ports 20. Any downward flow of fluid in 
channd 51 causes the upper edge of valve 
24 to move outwardly against the radially- 
outer side of this channd, thereby covering 
or sealing off ports 20 from radially-outward 
25 flow. The chcd: valve should be constructed 
of a tough material, such as '"Neoprene" 
(Registered Trade I^rk), 'trrethane", 
"Teflon" (Registered Trade Maris), etc. 
which is unaffeaed by wdl fluids and which 
30 has suffidcnt flexibility for movement of the 
upper edge tiberof outwardly against the 
outer side of channel 51. Such material is 
highly resistant to abrasion by sand or other 
materials which may be present in the wdl 
35 fluids, and is also hi^ty resistant to corro- 
sion by corrosive liquids whidi may be 
present in such fluids. It is pointed out that 
resilient dieck vahes of this type have been 
proven in service to have a long lif e^ in fact 
40 very long as compared to other types of dieck 
valves, such as metal ball-chedc valves. 

Above btaes 52, the outer housing 16 car- 
ries a paddng member 22 which engages the 
inner q^drical wall of polish nipple 15c, to 
45 seal gS the annulus between the landing 
nipple assembly 15 and the outer housing 16. 

Above pacHng member 22 the ported 
collar 15b is provided widi a plurality of 
radiaHy-eictendmg ports 17 whidi pnmde 
50 communication between the casing-tubing 
annulus (see Fig. 1) and the nipple assembly- 
outer housing annulus 18. Fluid from the 
upper Zone A, whidb flows into the casing- 
tubing aimulus by way of perforations 11 
55 (Fig. 1)> flows through ports 17 mto annulus 
18. In the vicinity of ports 17, a phnality of 
narrow dongated slots 19 (elongated in the 
drcumfcrenual direction of the housing) are 
cut thraigh the outer wall of outer housing 
to 16. These slots are made narrow (ia the ver- 
. tical direction) to serve as screened side ports 
in riie vwill of the outer housing; the width 
(vertical) dimension of these slots wOl be ftir- 
ther referred to heieinaft^. 
63 A separate integral flow diannd extends 



upwardly from the side ports 19. This flow 
chaxmd includes an aimular channel 53 in 
outer housing 16 and a plurality of mclined 
bores 54, which latter communicate at their 
lower ends with tlie upper end of channd 70 
53 smd at tlicir upper ends with the interior 
of outer housmg 16, in the region of an- 
nulus 32. 

A resilient sleeve-type check valve member 
23, exactly similar in construction and 75 
material to vaWe member 24, is positioned in 
annular diannel 53, to prevent badcflow of 
fluid through side ports 19. 

It may be seen that valve members 23 and 
24 aie both carried by outer housmg 16, and 80 
are thus both maintained in position even 
when inner housing (orifice head assembly) 
31 is pulled or removed from the wdl, the 
outer housing 16 remaining in the wdl at 
this time. Therefore, separation between the 85 
two producing zones is maintained at all 
times, even when the diokes are being re- 
placed for test or rq)air purposes. 

Above ports 19, the outer housmg 16 
carries a packing member 21 which engages 90 
the inner cylindrical wall of landing nipple 
portion 15a, to seal of! the annulus between 
the landing nipple assembly 15 and the outer 
housing 16. 

llie irmer housing or orifice head assembly 93 
31 is a meixflser separate from outer housing 
16, and is retrievably feustcncd in position in 
such outer housing m a manner to be fully 
described heidnafter. Housing or assembly 
31 comprises an upper substantially cylindri- 100 
cal main body portion 55 to which is secured, 
as by means 61 weldment 56, a prong-like 
axial downwardly-extending tubular mem- 
ber 57. The mterior of tubular member 57 
provides the fluid flow passage 35, wluch was 105 
previously referred to in connection with Fig. 
1. When inner housing (orifice head 
assembly) 31 is in position in omer housing 
16, lube 57 extends downwardly within outer 
housing 16, this tube being smaller in outside 110 
diameter than tiie inskie diameter of housing 
16, thereby to leave an annular space 32 
between this tube (portion of iimer housing 
31) and outer housing 16. Tube 57 extends 
down to a point bdow the ports 54, and the 1*5 
lower end of this tube, bdcw the pons 54 
in housing 16, is enlarged sonaewhat in 
diameter and carries a pair of 0-rings 34, 
to provide a seal between the outer surface 
of this mbe and the inner wall of housing 120 
16. O-rings 34 comprise a packing means 
which delimits the lower end of annulus 32, 
ond seals annulus 32 bdow ports 19 and 54. 

The extreme lower tip of tube 57 is 
tapered, or made somewhat fmsto-conical in 12^ 
omfiguration, to fadlitate or ensure the 
entry cf the lower end of this tube into the 
upper Old of running neck 40 of outer hous- 
ing 16, when the inner housing 31 is being 
run into the outer housmg 16. At its tip, 130 
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xvbt 57 is provided with a plurality of in- 
clined bores 58, which cammunicare at their 
lower ends with the interior of housing 16 
below padung means 34 and at their upper 
5 ends vnth the mterior of tqte 57, i.e. with 
the fluid flow passage 35. It should therefore 
be apparent that die internal fluid flow pas- 
sage 35 (interior of tube 57) conununicates 
(by way of bores 58) with the outer housing 
10 flow channel 51, 52. Fluid from die lower 
Zone B thus flows into tube 57 by way of 
side ports 20, channel 51 (past valve 24), 
bores 52, the interior of outer housing 16, 
and bores 58. This fluid flows upwardly in- 
15 side tube 57 (passage 35). 

At weldment 56, an offset channel 59 is 
coupled to the upper end of tube 57, chan* 
nel 59 leading upwardly dirough the body 
55 of the inner housing (orifice head 
IJ assembly) to the lower end of a replaceable 
choke 37 having a carbide-faced throat 60. 
Chote 37, through which all the fluid from 
the lower zone thus passes, controls the rate 
of flow of this fluid. Choke 37, whose throat 
25 or passage 60 extends longitudinally of body 
55, is held m position at die upper end of 
inner Innising 31 by means of a threaded nut 
61, which has an axial opening dicrethrough 
and which threads into a tapped aperture at 
33 the upper end of housing 31. 

In the body portion 55 of inner housing 
31, there is provided a short sleeve 62 which 
surrounds but is ^ce from tube 57. This 
sleeve carries a pair of 0-rings 33, to pro- 
35 vide a seal between the outer surface of the 
sleeve and the inner wall of the running neck 
40 of onter housing 16. In effect, then, the 
orifice head assembly 31 seats in die running 
nedc 40 of the outer houshig 16. The annu- 
40 lar space provided between tube 57 and 
sleeve 62 communicates at one end with an- 
nulus 32 (of outer housing 16), and at its 
opposite end with an annular chamber 63 
(provided by the body of mner housing 31) 
45 which surrounds diannel 59. 

To the upper end of chamber 63, a chan- 
nel 64 is coupled, channel 64 leading up> 
wardly through the body 55 of the inner 
housing (orifice head assembly) to die lower 
50 end ot a rej^ceable choke 39 having a car- 
bide-faced throat 65. Choke 39, whose throat 
or passage 65 extends longitudinally of body 
55, is held in position at the upper end of 
inner hoieing 31 (and parallel to dioke 37) 
55 by means of a threaded nut 66, whidi has 
an axial opening therethrough and whidi 
threads mto a tapped aperture at the upper 
end of housing 31. 
Fhnd from the upper Zone A flows into 
60 channel 64 by way of ports 17, annulus 18, 
side ports 19, channel 53 (past valve 23), 
bores 54, annulus 32 (in winch it flows up-> 
wardly), the annular space within sleeve 62, 
and annular chamber 63. CZhoke 39, through 
6r vrhkh all of the fluid from the upper zcme 



passes, control the rate of flow of this fluid. 

The fluids from the two Zones A and B 
are mixed or commingled above (i.e., down- 
stream of) the two chokes 37 and 39 (see 
Kg. 1). This process may be termed sub- 70 
surface commingling. 

It has previously been stated that the 
chokes 37 and 39 are carbide-faced; dius, 
they are made of an extremely hard material 
and have long life. Moreover, they are of 75 
standard size, so that predetermined pro- 
ducing rates for the zones can be set. 

The width Q.e., the verdcal dimension) of 
the entrance slots 20 is less dian the diameter 
of choke passage 60 in die lower zone dioke 80 
37. Likewise, the vriddi (Le., die vertical 
dimension) of the entrance slots 19 is less 
than the diameter of choke passage 65 m the 
upper zone choke 39, This feature provides 
a screening effect for the inlet ports of the 55 
tooL Particles large enough to stop up or 
clog the chokes are prevented from entering 
the tool and then finding their way to the 
chokes, due to the smal size of the entrance 
slots at the inlet ports. 9Q 

It has been stated previously that the in- 
ner housing 31 (orifice head assembly) is a 
separate member, which is retrievably 
fastened in posidon in the outer housing 16. 
The orifice head assembly 31 is run and 95 
pulled independendy of the outer housing 
16. The structure for retrievably fastening 
assembly 31 in position will now be des- 
cribed. 

The running neck 40 of outer housing 16 100 
has a diameter greater than does the main 
body of this housing, and at the juncdon be- 
tween this neck and the housing main body 
there is provided a beveled (frusto-conical) 
surface 67 which extends outwardly and up- 105 
wardly with respect to the housing body. A 
plurality of elongated fingers 68, together 
forming a collet 69, are mounted at their 
upptT ends in a drcumfcrential recess 70 
near the upper end of die body ponion 55 110 
of the orifice head assembly 31. ITnis, the 
fingers 68 are rather rigidly fastened to body 
pordon 55 of assembfy 31. At dieir lovper 
ends, fingers 68 have inwardly and down- 
wardly-extendmg tapered surfaces 71 (com- 115 
plemcntarj; to the surface 67) which, in the 
lo<^ed posidon illustrated in Fig. 2, fit under 
the surface 67 of the running neck 40, to lode 
the inner housing 31 m posidon in the outer 
housing 16, i.e., to fasten inner housing 31 120 
m posidon and p r e ven t iipward movement 
of the latter in outer housmg 16. It will be 
remembered that fingers 68 axe rigidly 
secured to the inner housing body 55. 

Chokes 37 and 39, and retaining or motmt- 125 
ing nuts 61 and 66, arc posidoned in the 
runnmg neck or orifice head 31, vrtiich is 
integral with or fixedly secured to die main 
body 55 of housmg 31. 

The orifice head assembly 31 carries a 130 
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pulling neck 72 whidi is slidabk on the main 
body 55 of this assembly, so that it is slid- 
able with respea to the fingers 68, secured 
to such body. Integral with the pulling neck 
5 72 is a locking sleeve 73 whidi surrounds 
the fingers 68 and, when driven down to the 
position illustrated in Fig. 2 prevents out- 
ward movement of to lower ends of these 
fingers, and maintains the finger surfaces 71 
10 lodced under the surface 67 of running neck 
40. That is to say, sleeve 73 senres as a 
loddng means for the collet 69. 

When the locking sleeve 73 is in the "up" 
or "running" or "palling^ or "unfastened" 
15 or "unlocked*' position illustrated in Fig. 3, 
that is, when this sleeve is riding on the up- 
per taper of the collet fingers, the lower ends 
of the collet fingers (Le^ surfaces 71) are 
free to move outwardly from under the 
20 running nedn bcvdcd surface 67, thus per- 
mitting vertical movement of inner housing 
31 with respect to the outer housmg 16. 

The orifice head assembly 31 is run and 
pulled independently of the outer housing 16. 
25 As prcviwisly described, the tube 57 is adap- 
ted to fit into the bore of the outer housing 
16, and ^en the tube is in its ultimate or 
operating position, the 0-rings 34 provide 
a seal tetwccn the outer surface of dus tube 
30 and the inner wall of housnig 16, below the 
outer housing ports 54. Also, in Ae ultimate 
position of assembly 31, sleeve 62 of diis 
assembly seats in the outer housing running 
ncdc 40. . ^ ^ 

35 When going into the hole with the onnce 
head assembly 31 (assummg that the outer 
housing 16 has previously been locked in 
position in the hole), the locking sleeve 73 
is held in the "up" position (i^, in the posi- 
40 tion illustrated in Fig. 3, widi this sleeve 
riding on the upper taper of the fingers 68 
^di annprise collet 69) by the running 
tool (no t shown), vrhich is used on a wire 
line* When Ae runnmg neck 40 of the outer 
45 housing 16 is reached by the collet fingers 
68, these fingers spring out and pass ovor tWs 
running neck. Hicre is enough flexibility in 
these fingers (whidi are rigidly seemed only 
at didr upper ends to the inner housing body 
50 portion 55, as previously described) to allow 
passing over running neck 40. Sleeve 73 is 
at this time in a position such as to allow 
this outward movement of tiie lower aid of 
finger 68. ^ ^ , 

55 When the coUct fingers have passed below 
the beveled surface 67 at the lower end of 
neck 40, the fingers retraa (i.e., move in- 
wardly) and fit under diis nstk. By suitable 
manipulation of the wire line equipment, the 
60 loddng sleeve 73 is then driven downwardly, 
to the position illustrated in Fig. 2, to fasten 
or lock die orifice head assembly m portion 
in outer housing 16. In the Rg. 2 posidcm, 
the lower end of sleeve 73 dosely surrounds 
65 the lower ends of fingers 68 and causes sur- 



faces 71 thereof to engage beveled surface 
67 of running neck 40. 

In the locked or operative position illus- 
trated in Fig. 2, the O— rings 34 of the 
orifice head assembly 31 arc in scaling posi- 70 
tion, and the 0-rings 33 of this assembly 
are also in sealing position, as described 
hereinabove. Then, flow from the two zones 
or producing formations takes place indc- 
pendcndy in the manner previously dcs- 75 
cribed, with commingling of the two streams 
downstream of or above the production zone 
diokes 37 and 39. 

Once the running and locking procedure 
for the orifice head assembly 31 has been 80 
completed in the manner just described, the 
collet lock 69 can be released only by run- 
ning a pulling tool (on a wire line) and jarr- 
ing up on the pulling neck 72 of the orifice 
head assonbly (which moves sleeve 73 up- 85 
wardly). When this is done, the orifice head 
assembly 31 can be pulled out of the outer 
housing 16, which latter remains in position 
in the hole. Thus, the chedt valves 23 and 
24 (which are secured to outer housing^ 16, 90 
as previously desaibed) remain in posidon 
under these circumstances, maintaining 
separaticm between the two producing zones 
at all times (it will be understood that 
peters 21, 22, and 14, which also remain 93 
m pcdtion, contribute to diis result). 

As previously mentioned, a separate test 
of one zone can be made whenever desired, 
by blanking off production from the other 
with a plugged choke bean. It will be re- 100 
membered that this, with another production 
test, enables the operator to de termin e how 
much each of the two zones contributes to 
the total flow stream. This test procedure re- 
quires two round trips with the orifice head 105 
assembly 31. However, the collet lock on the 
orifice head, die design of the lower end of 
orifice tube 57, and the design of the nm- 
ning tool, which acts as a cerulizer, combine 
to n]ake tins a very simple wire-line opera- HO 
tion. 

Recapitulating, the tool of this invention 
offers die major advantages now to be pre- 
sented. It conserves energy, by allowing die 
surplus energy from one zone to lift fluid 115 
from a weaker zone to the surface; it opois 
the my for simple, relatively inexpensive 
concentric duals that can be produced to de- 
pletion without the disadvantages of casing- 
tubing annulus flow; it increases the daily 120 
production rate (where one zone is deficient); 
it increases the total recovery; and, it rednccs 
cost. 

The multiple completion tool of this in- 
vention ^diidi may be diougbt of as a dual 125 
flow chmce^ since production from two pro- 
ducing zones or formations takes place 
through respective chokes, prior to com- 
mingling) can be modified for use in single 
zone completions^ that isj in wells producmg 130 
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from a single zone. In such a case, it would 
be used as a so-called bottomhole choke, 
with a single carbide bean (choke bean) con- 
tained in the orifice head assembly. In many 

5 wells, this would enable elimination of the 
conventional surface gas heater, and pro- 
ducdon gains could be made. 

Reference should now be had to Fig, 4, 
which is a view similar to Fig. 2 but illus- 

10 strating the modified construction, ix this 
figure, elements die same as those of Fig. 
2 are denoted by the same reference 
numerals. la Fig. 4, the knding nipple 
assembly includes oidy the landing nipple 

15 portion 15a, the ported collar 15b and the 
polidi nipple 15c of Fig. 2 bemg omitted. 
In Fig. 4, the landing mpple portion 15a 
is made somewhat longer than in Fig. 2, and 
below the "key" recess 47 it is provided with 

20 a polished cjiindrical wall, to enable a seal 
to be made by the paddng means 22 which 
is carried by die outer housing 16. The lower 
end of landing nipple portion 15a is pro- 
vided widi male diieads 74 which enable the 

25 lower end of this nipple portion to be coupled 
to the adjacent section of the tubing (not 
shown). Packing means 22 seals the annuhis 
18 above threads 74, and prevents the flow 
of fiuid upwardly through such anmihis. 

30 The equalizing valve 25 of Fig. 2 is not 
utilized in Fig. 4, so that in Fig. 4 die lower 
end of the outer housing 16 opens directly 
into the interior of the tubing string. There- 
fore, finid from the producing formation or 

35 zone (^cfa first flows throu|h casing per- 
forations into the casing-tubing annnhis 
and dience mto die tubing by way of ports 
therein or through the lower open end there- 
of, as previously described in connection widi 

40 Fi^. 1 and 2) flows fro mthe interior of the 
tubing vertically upward into the lower end of 
the outer housing 16 of the tnol, and thence 
vertically i^waxd in such housing, dmmgh 
the lon^mdinal bore therein. Packing means 

45 22 prevents the well fluid from bypassing the 
desurcd flow patii provided through the bore 
of outer housing 16. 

The landing and locking means for the 
outer assembly or bousing 16 is quite simi- 

50 lar to that described in connection with Fig. 
2, and operates in an exactiy similar nmnner. 
The aforesaid means is operated to retriev- 
al lo^ the outer housing 16 at a piede- 
tennined location in the tubing. 

55 ^ Jh Kg. 4, a construction somewhat dif- 
fierent from tiiat of Fig. 2 is used for the 
orifice head assembly, to Fig. 4, die mner. 
houshig or orifice head assembly 31' is again 
a member sqiaiate firam onter honsmg 16, 

60 and is recrievably fastened m position in sucb 
outer housing. The substantially cylindrical 
main body portion 55* of orifice head as- 
seaMy 3V is thickened and the piong-like 
tubular extension 57 ^of Fig. 2) is omitted. 

65 The lower end of boay portion 55* seats in 



the running neck 40 of the outer housmg 16, 
and this body portion of the assembly 31* 
carries a pair of 0-rings 33, to provide a 
seal between the outer surface of this body 
and the inner waD of the running neck 40 of 70 
outer housing 16. 

The body portion 55* of orifice head 
assembly 31^ terminates a short distance be- 
low die O-rings 33, in a plane substantially 
m alignment whh the lower end of rmmmg 75 
neck 40, i.e., substantially in alignment 
with the junction of this running nedc and 
the lower portion of housing 16. The body 
portion 55^ of assembly 31* is provided with 
a central (axial) longitudmal bore 35 whidi 80 
communicates at its lower end with the longi- 
tudinal bore of outer housing 16. Bore 35 
provides a fiuid flow passage through the 
body 55* of the orifice head assembly. Fluid 
fron^ the smgle producing zone, which flows 85 
vertically upward throu^ the longitudinal 
bore in outer housing 16, flows upwardly in 
bore or passage 35. Bore 35 extends through- 
out the entire length of body portion 55* and 
the upper end of this bore opens mto the 90 
lower end of a sleeve member 75 whidi is 
threadedly secured to the upper end of body 
55*. At the upper end of sleeve 75, there is 
mounted a replaceable dioke 37 having a 
carbide-faced throat 60. Choke 37, throu^ 95 
which all of the fluid from die producing 
zone passes, controls the rate of flow of this 
fluid. Choke B7, whose throat or passage 60 
extends axially of sleeve 75 is held in posi- 
tion at the upper end of sleeve 75 by means 100 
of a threaded nut 61, just as m Fig. 2. 

The structure for retrievably fastening the 
orifice head assembly 31* in poriticm in the 
outer housmg 16, Le., seated in lumdng neck 
40 of sudi outer housings is czacdy die same 105 
as has previously been d^cribed in connec- 
tion with Fig. 2, and inchides the colkt 69, 
the loddng sleeve 73, etc. Such description 
will not be repeated here. 

The bottom-hole choke of Fig. 4 has several 110 
advantages, as compared to <^her chokes of 
this general category. One of these is the ease 
of changing the choke means or bean 37. More 
particularly, running and pulling the orifice 
head assembly 31* of this mvcntion is faster, 115 
more certam, and xaaA simpler dian running 
and pulling die chokebean-carrying mandrels 
previously used as bottom-hole (Sokes. To 
diange the diokc in prior devices, it is neces- 
sary to pufl the entire tool; with the tool of |20 
this inveittion, oiUy the CMifice head 31* is 
pulled and reset, the outer housing 16 re- 
maining in position in the Irole. The am- 
struction of the present invention also substan* 
tially eliminates damage to plastic-coated 125 
tutnng, since nothing which contacts the tub- 
ing need be pulled in order to diange the 
dsoke. 

Anotlier advantage of the bottom-hole 
choke of this invention is its longer life. Since 130 
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a much smaUer choke bean is used, tbcre can 
be ecOTomicaUy used (at 37) an extronely 
hard bean, which resists abrasion much better 
than the larger, softer beans used in convcn- 
5 tionai devices. , , 

Yet anoto advantage is that running a 
conventional bottom-hole diofee trough hquid 
creates a problem of liquid bypass, which 
problem is not present in tfie Fig. 4 devi^ 
10 The omer housing 16 in Fig. 4 (as m Fig. 
2) has been stated to be a so^Ued • CMis 
Type S» Bfowevcr, h can be an *ptis Type 
mandrel an "Otis Type B** mandrel. 
The orifice head assembly 31' can be run and 
15 locked in all of these mandrds. 



WHAT WE CLAIM IS :— 
1. A well-flow control device adapted to be 
positioned m well tubing for controlling the 
flow erf a fluid into the tulHug from a pro- 
20 dudng formatkHi, OHiiprising an outer hous- 
ing having an opening for communication 
with die interior of said tubing means car- 
ried by tiie housing for letrievaWy locking 
the same at a predetermined location in the 
25 tubing, pacidng means for dosing the annular 
space between the housing and niWng above 
said opening, said housing having an internal 
flaw channel extending upwardly itom its 
opening; an inner housing having an internal 
30 fluid flow passage for communication with 
said flow channel and with the interior of 
said mbmg above said pacteig means; means 
carried by the inner houring for retrievably 
fastening the same in poation in said outer 
35 housing, but allowing the withdrawal of tiie 
hmer houdng without the device from die 
well 

2. A device according to Claim 1 wherein 
tiie inner housing .provides chofce means 

40 located in the fluid flow passage. 

3. A device according to Claim 2, wherein 
the dioke w^^iff is positioned at the top of 
"die inner housings with the passage of the 
choke means estaoding longituc^ally of :the 

45 fluid flow passage. ^ , 

4. A device accwdhig to any of the pre- 
cedbig Oahns tdierein me choke means is re- 
movably secured m said inner housmg. 

5. A device accordmg to any of the pre- 
50 ceding Claims whcrdn the opeinng is across 

liie lower end of the outer housing. 

6. A device accordmg to any of Qamis 1 
to 4 wherein the openhig in the outer housing 
is a side port. ^ - ^ t. • 

55 7. A device accordmg to Claim 6^ wherem 
die outer housing side port comprises at least 
one narrow elongated slot in the housing wall, 
the width i^gmmirfmi of said slot being Iks 
than the diameter of the passage in die dioke 

50 means. 

8. A device adapted to be positioned m 
well tubing for controlling die flow of fluids 
into the tubing from a phizality of prodtuing 
formations, comprising an outer housmg hav- 



mg a side port for communication with the 65 
Ulterior of said tubing; means carried by tlic 
houshig for retrievably locking the same at 
a predetermined location in the tubing, pack- 
ing means for dosmg the annular space be- 
tween the housing and tubing above and 70 
below said port, said housing having a fost 
internal flow channel extending upwardly 
frwn its side port and a second internal flow 
channel for upward fluid flow from beneath 
die packing means ^^ich is betow said port; 75 
an inner housmg havmg two mtemal fluid 
flow passages for communication respecuvely 
with said first and second flow channels, 
bodi of said flow passages communicaimg 
also with the mterior of said tubing above wi 
the padthig means which is above said port; 
means carried by die inner housing for re- 
trievably fastaiing the same in position^ in 
said outer housmg but allowmg the with- 
drawal of the inner housing vriihout the tool 85 
from die well. 

9. A device according to Claim 8 wherein 
the mner housmg provides dioke means 
located in at least one of die fluid flow pas- 



10. A device according to Claim 9 wherein 
die choke means or each of them is positioned 
at the top of the inner housing, with the pas- 
sage of the choke means or each of them ex- 
tendmg longitudinally of die fluid flow pas- 
age in which the choke means is located. 

11. A device according to Claim 10 where- 
in the outer housing side port comprises at 
least one narrow dongatcd slot in the housing 
wall, the width dimension of said slot being IW 
less than the diameter of the passage of the 
dioke means communicating with said slot. 

12. A device according to any of Claims 
9 to 11 wherein in the case when choke 
means are provided in each of the fluid-flow 
diannds of the iimer housing, the two choke 
means are disposed parallel to one another. 

13. A device according to Qaim 12, 
wherem the two choke means are separately 
removaWy secured in said inner housing.^ 110 

14. A device according to any of Claims 
8 to 13, wherein a resilient check valve mem- 
ber is provided in each of said channels of 
the iner housing for preventing downward 
fluid flow therem. . 115 

15- A device according to any of Qams 
8 to 14» whcrdn die outer housing has a 
lower side port located bdow the packmg 
means is below the first-mendoned 

side port, said lower side port communicat- 120 
ing with the interbr ol said tubing and with 
said second flow dumnd of the outer hous- 
ing. 

16. A device accordhig to Claim 15, 
wherein the outer housing lower side ports 125 
comprises at least one narrow elongated slot 
ui the housmg mil, the width dimension of 
the slot being less than the diameter of the 
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passage m any choke means communicating 
with the slot. 

17. A device according to Claim 15 or 
16 wherein the annular space between the 
outer housing and the inner housing above 
said lower side port is closed by packing 
means. 

18. A flow control device, comprishig a 
main flow control device and an auxiliary 
flow control device ^i^ich can be removed 
from the main flow control device without 
removing the latter from the wdl, for a well 
flow conductor having a longitudinal flow 
passage and a first lateral port commtmicat- 
mg with the flow passage intermediate the 
ends diereof, the main flow control device 
including: an elongated mandrel {Mssitioned 
in the well flow conductor and provided with 
an internal flow passage for communicating 
at its i^per ^d with the flow passage in 
the well flow conductor and wifli a second 
ktexal port Intermediate ibt ends of tiie man- 
drel for communicating with the exterior of 
die mandrel and said inxemal flow passage 
2nd with said first lateral port; seal means 
carried by die mandrel for sealing between 
the wdl flow conductor and the mandrd b&- 
low said lateral portSj said mandzd having 
an aperture for communicating with the flow 
passage of tiie well flow conduaor below 
the seal means; means carried by the man- 
drel petmitdng flow In one diiecdon only 
into the mtemal flow passage of the mandrel 
through said second lateral port and said 
aperture; the auxiliary flow control device 
being rdeasably securaue to tiie upper end of 
the mandrd and having means extending into 
the said internal flow passage providing with 
said internal flow passage, yihea ^ aimliary 
flow control device is secured to the main 
flow control deviceii a first flow passage com- 
municatmg with said second lateral port of 
the mandrd and opening upwardly into the 
well flow conductor above said first lateral 
port and pnmdmg a seccmd flow passage 
communicating with said aperture and open- 
ing upwardly into ^ well flow ccoxductor. 

19. A main flow control device according 
to Claim 18 wherein seal means is provided 
on said mandrel for sealing between &e man- 
drd and the well flow conductor above said 
ports. 



20. A main flow control device according 
to Qaim 19 wherem means are carried by 

The mandrel for releasably securing the man- 55 
drd in ]±e well flow conduaor and wherein 
the auxiliary flow control device has means 
in each of said first and second flow passages 
providing restricted orifices of predetennined 
rdative sizes. ^ 

21. A main flow control device^ according 
to Qaim 20 \(^erein said auxiliary flow con- 
trol device comprises a tube extension tdes- 
copaHe into said mandrd and having its 
lower end communicating wi^ the aperture ^ 
of the mandrel 

22. A main flow oontrd device accoxding 
to Oalm 21 wherein seal means are provided 
between the mandrd and the tube esctenslon 
disposed between said second lateral port 
and die aperture of the mandrd. 

23. A main flow control device, according 
to an^ of Claims 18 to 22 wherdn the man- 
drd is provided with a downwardly facing 
shotilder at the upper end thereof, the 
auxiliary flow control device having means 
for engaging die domwardlv facing sboidder 
to rdeasab^ secure the auxiliary flow control 
device to the mandrd. 

24. A main flow control device according 
to Qaim 23 wherein a lode means is pro- 
vided on the auxiliary flow control device 
for holding the rdeasable means against dis- 
engagement from die downwardly fadng 
shoulder. 

25. A main flow control device according 
to any of Qaims 21 to 24 wherein ssud 
auxiliary flow control device has a body pro- 
vided with a pair of upwardly opening flow 
passages, one of said passages communicating 
with said second lateral port; and the other 
of said passages of the body commimicating 
with said aperture. 

26. A flow control device snbstandally as 
herdn described with refaxnce to Figures 1, 
2A, 2B, 2C, 2D, and 3 or Fibres 4A, 49, 
4C, and 4D of die accompanying drawings. 
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